Study Design: Prospective case series. Purpose: To study the safety, efficacy, and long-term outcomes of single-stage surgical intervention for congenital spinal deformity and intraspinal anomalies. Overview of literature: Congenital spinal deformities associated with intraspinal anomalies are usually treated sequentially, first by treating the intraspinal anomalies followed by deformity correction after a period of 3-6 months. Recently, a single-stage approach has been reported to show better postoperative results and reduced complication rates. Methods: Thirty patients (23 females and seven males) were prospectively evaluated for the simultaneous surgical treatment of congenital spinal deformity with concurrent intraspinal anomalies from May 2006 to October 2016. The average age at presentation was 9.8±3.7 years, with the average follow-up duration being 49.06±8.6 months. Clinical records were evaluated for clinical, radiological, perioperative, and postoperative data. Results: The average angle of deformity was 56.53°±25.22° preoperatively, 21.13°±14.34° postoperatively, and 23.93°±14.99° at the final follow-up. The average surgical time was 232.58±53.56 minutes (range, 100-330 minutes), with a mean blood loss of 1,587.09±439.09 mL (range, 100-2,300 mL). Conclusions: Single stage surgical intervention for intraspinal anomalies with congenital spinal deformity correction, including adequate intra-operative wake-up test, is a viable option in appropriately selected patients and has minimum complication rates.
Introduction
The incidence of congenital scoliosis is 1-3 per 1,000 live births [1, 2] and that of intraspinal anomalies associated with congenital spinal deformity varies from 15% to 38% [3] . Congenital spinal deformity occurs during the first 8 weeks of gestation, during which the bony elements of the spine form and the neural axis completes its in-folding, closing the neural tube [4] . All these events simultaneously occur during fetal development, and any adverse event during this process can lead to congenital spinal deformities, such as scoliosis and/or kyphosis, along with intraspinal anomalies, including tethered cord, ArnoldChiari malformation, diastematomyelia, lipoma and lipomeningocele, teratoma, and syringomyelia [2, 5, 6] .
Intraspinal anomalies associated with spinal deformity can lead to rapid curve progression, progressive neurological deficit, and cardio-respiratory morbidity [7, 8] . Such concurrent disorders are also associated with an increased risk of neurological deficit during surgery [9, 10] . Congenital spinal deformities are often associated with intraspinal, genitourinary, cardiovascular, and other developmental anomalies [1] .
The usual approach to the treatment of congenital spinal deformities associated with intraspinal anomalies is to first perform surgery for the intraspinal anomalies followed by deformity correction surgery 3-6 months later [2, 4, 11] . Staged surgery leads to scar formation, which distorts the normal anatomy and causes difficulties during the second surgical procedure, thereby increasing the chances of complications and possibly delaying the wound healing. Because both deformity correction and the treatment of intraspinal anomalies require same surgical approach, single-stage surgery would help prevent the complications associated with multi-stage procedures [7] .
In the present study, we prospectively evaluated the safety and efficacy of the single-stage surgical correction of congenital spinal deformity associated with intraspinal anomalies in terms of perioperative and postoperative complications in 30 patients, with an average follow-up duration of 49.06±8.6 months.
Materials and Methods

Patients
A total of 30 patients (23 females and seven males) with congenital spinal deformity (kyphosis and/or scoliosis) associated with intraspinal anomalies were prospectively evaluated from May 2006 to October 2016. Patients who presented with congenital spinal deformity associated with intraspinal anomalies (tethered cord, diastematomyelia, Arnold-Chiari malformation, or syringomyelia) were included, and those who presented with congenital spinal deformity secondary to other neuromuscular causes, including cerebral palsy, spinal muscular atrophy, or poliomyelitis, were excluded. All patients underwent simultaneous surgical intervention for intraspinal anomalies and congenital spinal deformity by a single surgeon at Shanta Spine Hospital. Intra-operative wake-up test was conducted to assess any neurological deficit. Wake-up test consists of waking up the patient from anaesthesia during and after the completion of spinal procedure maintaining the position of the patient and the patient is asked to move their feet before continuation of anaesthesia. Two wake-up tests were conducted, with the first after the treatment of intraspinal anomaly and the second after deformity correction. Age, sex, associated anomalies, cutaneous markers, clinical presentation, neurological status, radiological features, intra-operative details, postoperative results, and complications were evaluated in all patients.
Standing anteroposterior and lateral views of the spine from C7 to sacrum were obtained to assess the deformity. The angle of deformity was calculated as per Cobb's method. A preoperative magnetic resonance imaging (MRI) of the area of interest along with the screening of the entire spine was performed to evaluate the associated intraspinal anomaly. The American Spinal Injury Association (ASIA) impairment scale was used to assess and monitor the neurological status preoperatively, postoperatively, and at each follow-up. All patients also underwent ultrasonography of the abdomen and echocardiography with a pediatrician's assessment to exclude any abdominal, genitourinary, or cardiac anomaly.
A written informed consent was taken from all the patients at Shanta Spine Institute included in the study.
Surgical procedure
All surgeries were performed using a posterior approach in the prone position. All patients presenting with congenital spinal deformity of >40° associated with an intraspinal anomaly underwent the single-stage treatment of intraspinal anomaly and deformity correction, and those presenting with hemivertebra with associated spinal cord deformity underwent the single-stage treatment of spinal anomaly and deformity correction even if the deformity was <40°. During the surgery, the intraspinal anomaly was treated first (release of the tethered cord, excision of the diastematomyelic bone spurs, or decompression of Arnold-Chiari malformation or syringomyelia), followed by a wake-up test. After this, deformity correction was performed, again followed by a wake-up test. All patients underwent autologous local, iliac crest, or rib bone graft to achieve fusion.
Results
A total of 30 patients (23 females and seven males) who presented at our institute with congenital spinal deformity associated with intraspinal anomalies were included in the study. The mean age at presentation was 9.8±3.7 years (range, 5-22 years). Of the 30 patients, 27 were children aged <13 years and three were adults aged >13 years. All patients underwent simultaneous spinal deformity correction and neurosurgical procedures. In our case series, 28 patients presented with congenital scoliosis (kyphoscoliosis was present in three patients among them) and two patients presented with kyphosis. Preoperative MRI revealed tethered cord in 13 patients (43.3%), diastematomyelia in seven (23.3%), Arnold-Chiari malformation in six (20.0%), and syringomyelia in four (13.3%).
The mean surgery time was 232.58±53.56 minutes (range, 100-330 minutes), and the mean blood loss was 1,587.09±439.02 mL (range, 100-2,300 mL). The average follow-up duration was 49.06±8.6 months (Figs. 1, 2 ).
Deformity correction
The average angle of deformity was 56.52°±25.22° preoperatively, 21.13°±14.34° postoperatively, and 23.93°±14.99° at the final follow-up. The mean correction rate was 62.46% in the immediate postoperative period. At the final follow-up, the mean loss of correction was 8.62% (Tables 1, 2 ).
Complications
Three patients in our study intraoperatively developed neurological deficits while deformity correction, identified during the wake-up test (one patient went from ASIA grade C to grade B and two went from ASIA grade D to grade B). All three patients underwent an immediate release of the correction, following which two patients showed an immediate recovery of power and their neurological status recovered in the immediate postoperative period after extubation. However, in one patient, the neurological status did not show immediate recovery even after the release of the correction but gradually improved and showed a complete recovery after 3 months. None of the patients developed neurological deficits during the surgical treatment of intraspinal anomalies. Thus, the neurological deficits may have occurred due to the overshortening or overstretching of the spinal column during deformity correction. One patient experienced dural tear, which was repaired during the surgery and was uneventfully healed during the postoperative period. Two patients showed pseudoarthrosis with a loss of correction during the follow-up, which required the revision of instrumentation and extension of the fixation cranially and caudally. After revision and extension of the fixation, deformity correction was achieved in both patients.
Discussion
Congenital spinal deformity associated with intraspinal anomalies leads to rapid curve progression when left untreated [7, 8] . The incidence of curve progression even after the surgical treatment of intraspinal anomalies was 83% in a study conducted by Mehta et al. [8] . The chances of curve progression is higher in patients aged >11 years, in the presence of neurological symptoms, rotation of vertebral bodies, double scoliosis curve, and curve with an angle of >50° [10] . With the advent of MRI, the prevalence of intraspinal anomalies has increased to 15%-38% from that reported previously [3] . In our study, tethered cord and diastematomyelia were the most common intraspinal anomalies that presented along with congenital spinal deformities. Simultaneous surgical intervention for patients with intraspinal anomalies and associated congenital deformity is aimed at preventing deformity progression, treating intraspinal anomalies to prevent neurological deficits, re- ducing the total duration of treatment and rehabilitation, and minimizing the financial burden on patients' families and the healthcare system [12] . Literature reports on the choice of using single-stage or multi-stage surgery are controversial [2, 4, 7, 8] . In our study, 30 patients were treated using simultaneous surgical intervention for their complex pathologies to reduce the rehabilitation and recuperation period with maximum cost-effectiveness. During the surgery, intraspinal anomalies were treated first, followed by a wake-up test. Following this, deformity correction was performed, which was again followed by a wake-up test. Surgical decisions to perform posterior in situ fusion or corrective deformity surgery was dependent on the age of the patient at presentation, natural history of the congenital anomalous vertebrae, flexibility of the curve, and the preoperative neurological status [13] . One patient in our series required surgery for intraspinal tethered cord with posterior in situ fusion and showed no progress of the deformity at the final follow-up. Localized hemivertebra require short segment fusion with the resection of the hemivertebra [14, 15] . Long fusion is needed for rigid long-standing deformities requiring corrective osteotomies [16] .
In our series, the average age of patients at presentation to the hospital was 9.8±3.7 years. Despite the presence of a congenital anomaly at birth, most clinical manifestations of the deformities occur during the second growth spurt when the deformities become much more visible. Neurological deterioration in the patients was also a reason for their presentation to the hospital. In our study, nine patients presented with neurological deficits, three presented with hyperreflexia, and five presented with bladder symptoms (Tables 1, 2 ). After surgical intervention, neurological deficit worsened in three patients intraoperatively, which was identified during the wake-up test. The neurological status improved in 11 patients compared with the preoperative condition Thus, in our study, neurological status improved in 11 (64.7%) of 17 patients, compared with the preoperative values, whereas it remained the same as the preoperative values in three (35.2%). In their study on spinal osteotomy for congenital deformity with diastematomyelia, Chen et al. [2] reported that the neurological status improved in 66.7% of the patients but not in the remaining 33.3% of them. Hamzaoglu et al. [7] reported an improvement of the neurological status in 50% of their patients but no improvement in 25% of them. Our findings are similar to those of previous studies that Case Table 2 . Continued showed that simultaneous surgical intervention not only prevents neurological deterioration but also improves the neurological status. However, patients and their families should be preoperatively counseled regarding the chances of the improvement of the neurological status.
In their study on congenital scoliosis with intraspinal anomaly, Winter et al. [11] recommended the neurosurgical treatment of the intraspinal anomaly, followed by scoliosis or kyphosis correction, instrumentation, and fusion after a period of 3-6 months. However, such staged surgery is associated with disadvantages such as the risks of two surgeries, revision exposure with more bleeding, loss of normal anatomical landmarks for instrumentation, increased chances of infection, adhesion formation, and re-tethering of the intraspinal anomalies before deformity correction. The risk of iatrogenic neurological trauma increases with revision or second stage surgery [7, 8] . Mehta et al. [8] compared patients who underwent simultaneous surgery with those who underwent two-stage surgery and showed that the risk of complications such as dural tear, neurological deficit, wound infection, chances of retethering, and pseudoarthrosis rates was significantly higher in patients who underwent the two-stage surgery. In their study on the simultaneous treatment of intraspinal anomalies with deformity correction, Hamzaoglu et al. [7] showed a mean deformity correction of 23% after an average follow-up duration of 6.8 years; none of the patients had neurological deterioration, pseudoarthrosis, loss of correction, or infection. In their study on 45 patients for the simultaneous treatment of diastematomyelia with deformity correction, Hui et al. [4] showed mean corrections ranging from 73.7° to 33.5°, with a correction rate of 54.5%; two patients had transient neurological deterioration (4.44%) and one had cerebrospinal fluid (CSF) leak (2.22%). In their study on single-stage correction for rigid scoliosis with split cord malformation, Chen et al. [2] showed an average correction from 97.2° to 35.7°, with a correction rate of 64.3%; three patients had transient neurological deterioration (10.3%), two had CSF leak (6.89%), one had urinary tract infection (3.44%), and one had pleural rupture (3.44%). In our study, the mean deformity correction rate was 62.46%, which is similar to that reported by Hui et al. [4] and Chen et al. [2] .
In their study on complications after three-column osteotomy for spinal deformity, Auerbach et al. [17] showed an overall complication rate of 24.8%. A study conducted by Murans et al. [18] on one-stage deformity correction With or without the treatment of intraspinal anomaly showed an overall complication rate of 34.6% [18] . A study conducted by Reames et al. [19] on the surgical complications of scoliosis correction in 19,360 patients showed a 10.6% risk of complications in the surgical treatment. In their study, the incidence of neurological deficit in congenital scoliosis was 2.2% at long-term follow-up. Reames et al. [19] also showed a similar infection rate in congenital scoliosis at 2.1%. A study conducted by Mehta et al. [8] showed 6.7% incidence of pseudoarthrosis, which required a revision of implant. In their study on complications of posterior vertebral column resection for spinal deformity, Kim et al. [20] reported an overall complication rate of 40.3%, with neurological deficit in 14.0% and deformity progression in 10.7% of the patients.
The complication rate observed in our study (32.3%) is consistent with that reported in previous studies. Transient neurological deficit was observed in three patients (9.6%), of whom two immediately regained power on the release of correction and one gradually regained power over 3 months. Two patients (5.8%) had implant failure due to pseudoarthrosis, which led to deformity progression; both these patients underwent revision surgery with the removal of loose implants, re-fixation with pedicle screws with the extension of construct proximally and distally, along with iliac crest bone grafting. After the revision surgery, both patients showed good deformity correction without any neurological deficit. Wound infection and CSF leak occurred in one patient (3.33%).
There were certain limitations to our study. First, there was no control group in which multiple-stage surgery was performed to compare the outcomes and complication rates. Second, our study included a small group of patients because the incidence of disease is rare. However, the outcomes and complication rates reported in our study were comparable to those reported in similar previous studies.
The findings of transient neurological deficit with the complete recovery of motor power, pseudoarthrosis, and infection rates in our study were comparable to those of previous studies. The similar complication rates observed in our study and in previous studies on the single-stage treatment of spinal deformity and intraspinal anomalies, along with good postoperative deformity correction rates, support our hypothesis that a single-stage surgery is preferable to multiple-stage surgery in avoiding the risks and complications associated with revision surgery, reducing the financial burden on the family, and decreasing the du-Asian Spine J 2018;12(3):1-475 ration of rehabilitation and recuperation.
Conclusions
Simultaneous surgical treatment of intraspinal anomalies and congenital spinal deformity correction, including adequate intra-operative wake-up test, is a viable option in appropriately selected patients and has minimal complication rates. Simultaneous surgical intervention helps to reduce the duration of rehabilitation and recuperation and avoids the need for repeated hospitalizations and the risks of repeated anesthesia.
